Background: Physical activity has a protective effect on some types of cancer. The aim of the present metaanalysis was to explore the literature on the association between physical activity and risk of lymphoma.
Introduction
Cancer is a leading cause of disease and death worldwide. In total, 7.6 million cancer deaths occurred in 2008, accounting for about 13% of all deaths (1, 2) . Lymphomas are part of the hematologic cancers, arising in the lymph nodes and tissues of the body's immune system and comprising several subtypes with varied biologic and clinical features (3) . The main subdivision is made between Hodgkin lymphoma and non-Hodgkin lymphoma. In 2008, about 67.000 new Hodgkin lymphoma cases and 355.000 new non-Hodgkin lymphoma cases occurred worldwide, accounting for 0.5 and 2.8% of all new cancer cases, respectively. Similar percentages were found for mortality in Hodgkin lymphoma and non-Hodgkin lymphoma worldwide in 2008: 0.4% of all cancer deaths were attributed to Hodgkin lymphoma and 2.5% to non-Hodgkin lymphoma (2, 4) . In general, the incidence of lymphoma is rising in the last decades (5-7). As a consequence, more emphasis is given to implement evidence-based strategies for lymphoma prevention. To set up strategies for lymphoma prevention, understanding the modifiable risk factors for lymphoma is critical. Physical inactivity has recently received much attention as modifiable risk factor. It is well known that physical activity is effective in preventing and modifying chronic diseases, such as osteoporosis (8) , obesity (9) , type II diabetes (9, 10) , dementia (11) , hypertension (12) , metabolic syndrome (13) , cardiovascular (14) , and respiratory diseases (15) . Since the last decades, evidence is growing that physical activity also reduces the risk of some types of cancer. Evidence is convincing for a positive influence of physical activity on risk of colon (16) , breast (17, 18) , and endometrial cancer (19) . Inconsistent evidence is found for lung (20) , prostate (21) , and ovarian cancer (22) with at least one-third of the studies indicating a protective effect of physical activity on risk (23) . For breast, ovarian, and lung cancer, the effect seems stronger for recreational than occupational physical activity (20, 22, 24) . Recently, studies were conducted to examine the association between physical activity and lymphoma. The aim of the present meta-analysis was to explore the literature on the relationship between physical activity and the risk of lymphoma.
Materials and Methods

Search strategy and selection criteria
A search was conducted by one reviewer (N. Vermaete) in PubMed, Cochrane, PEDro, Embase, CINAHL, and Web of science up to 8 January 2013. In PubMed, Cochrane, Embase, CINAHL, and Web of Science, the following combination of key words was used: "(lymphoma OR Hodgkin) and risk ("physical activity" OR "physical fitness" OR exercise OR "cardiorespiratory fitness")". In PubMed, no limits were used. "Title" was used as field limit in Cochrane, Embase, and Web of Science, whereas "abstract" was used as field limit in CINAHL. In PEDro, only "lymphoma" was used as key word, without limits. Titles and abstracts were screened on content. For relevant articles, the full text was used. The reference lists of all selected articles were also screened for additional papers. No restrictions in date of publication, language, and group size were used. Furthermore, no restrictions in methods to assess physical activity were used. Articles with participants younger than 18 or childhood cancer were excluded. Articles were included if they met following criteria: (i) case-control or cohort study, (ii) reporting a risk estimate and corresponding SE of the relationship between recreational, occupational, or overall physical activity and lymphoma.
Data extraction and assessment of study quality
For each article, information was extracted on the study design, sample size, number of cases, gender, study region, age, physical activity domain, assessment of physical activity, timing in life of physical activity, definition of highest/lowest activity level, and adjustment for confounding factors. Methodologic quality of each study was assessed using a quality score system that was partly adopted from Monninkhof and colleagues (Supplementary Table; ref. 18) . Item 12 (considering changes over time) and item 16 (influence of ductal carcinoma in situ) from the original quality score system were excluded, because these items were not relevant for this meta-analysis. Quality assessment was conducted independently by 2 reviewers (N. Vermaete and L. Schepers). An interrater reliability analysis using the Kappa statistic was conducted in SPSS (version 19) to determine consistency among raters. Disagreements were resolved by discussion. An independent samples t test was conducted in SPSS (version 19) to examine the difference in quality score between case-control and prospective cohort studies.
Analysis
The summary odds ratio (OR) and corresponding 95% confidence interval (CI) was estimated to assess the association between physical activity and risk of lymphoma, comparing highest activity level to lowest activity level. For studies reporting an OR with highest activity level as reference instead of lowest activity level, the inverse of the reported OR was used. The most adjusted risk estimate reported in each study was used. If effect estimates for physical activity were reported for more than one-life period, the most recent data were used, as most studies reported recent physical activity. If a study reported risk estimates for men and women separately, both results were included in the analysis. Statistical heterogeneity between studies was determined by using the Q and I 2 statistics (25) . For the Q-statistic, a P-value below 0.05 indicates statistical heterogeneity. For the I 2 statistic, Higgins and colleagues tentatively assigned adjectives of low, moderate, and high to I 2 values of 25%, 50%, and 75% (25) . In this meta-analysis, statistical heterogeneity was defined as a P-value below 0.05 for the Q-statistics or an I 2 value above 50%. When there was a discrepancy in the result for heterogeneity between both tests, the result of the I 2 value was chosen. Depending on statistical heterogeneity, a random or fixed effects model was used to estimate the summary OR and corresponding 95% CI. As randomized controlled trials are not available for this research question, it is inevitable to rely on study designs with less evidential value. In the primary analysis, case-control and prospective cohort studies were combined. The reported risk estimates for the association between total physical activity and risk of lymphoma were used in the primary analysis. For studies reporting only results for recreational or occupational physical activity, these results were included in the analysis. For studies reporting separate results for occupational and recreational physical activity, but no result for total physical activity, the results for recreational physical activity were used. It has been suggested that recreational physical activity is the major modifiable component of energy expenditure (26) . Three subgroup analyses were conducted: one for study design (case-control and prospective cohort studies), one for type of lymphoma (Hodgkin lymphoma and non-Hodgkin lymphoma) and one for physical activity domain (recreational and occupational physical activity). All analyses were conducted with Review Manager version 5 (27) 
Results
Study selection
The flowchart of the selection of articles is provided in Fig. 1 . The literature search resulted in a total of 148 references. After reading of title, abstract, and eventually full text, 10 studies were retained. After screening of the reference lists of the selected articles, 2 more articles were included (28, 29) . This resulted in a total of 12 selected publications.
Study characteristics
The main characteristics of the 7 case-control studies and the 5 prospective cohort studies are summarized in Table 1 . The 7 case-control studies included a total of 5,229 non-Hodgkin lymphoma cases, 366 Hodgkin lymphoma cases, and 26,403 control subjects (28, (30) (31) (32) (33) (34) (35) . In the 5 prospective cohort studies, a total of 5,858 nonHodgkin lymphoma cases and 58 Hodgkin lymphoma cases were identified among a total of 3,154,781 subjects (29, (36) (37) (38) (39) . Two studies involved only men (28, 34 ) and 3 involved only women (33, 37, 39) . Seven studies involved both men and women with 5 studies reporting gender-specific results (30, 32, 35, 36, 38 ) and 2 reporting results for both genders combined (29, 31) . Eight studies reported on recreational physical activity (31) (32) (33) (34) (36) (37) (38) (39) , 5studiesonoccupationalphysicalactivity (28, 30, 31, 34, 36) , and 4 studies on total physical activity (29, (34) (35) (36) . All studies used a self-reported instrument to assess physical activity. Considerable variation between studies was found with respect to the instrument used to assess physical activity, the definition of "highest activity" and "lowest activity" level and the adjustment for confounding factors.
Quality score
The total quality score, as percentage of the maximal score for cohort and case-control studies combined, ranged between 42% and 82% (median 62%). For the 5 cohort studies, the quality score ranged between 69% and 82% (median 75%), which is statistically significantly higher (P ¼ 0.001) than the quality score of the 7 case-control studies, with scores ranging between 42% and 63% (median 57%; Table 2 ). Cohen Kappa for interrater reliability equaled 0.823 (95% CI: 0.762-0.884; P < 0.01).
Primary meta-analysis
The 5 cohort studies and the 7 case-control studies were included in the primary meta-analysis. Five studies reported a risk estimate for men and women separately (30, 32, 35, 36, 38) , 2 studies reported results for Hodgkin lymphoma and non-Hodgkin lymphoma separately (29, 34) , and 1 study reported results for 2 separate age groups (33) . Consequently, 20 studied groups were included in the primary meta-analysis. The Q-statistic showed significant heterogeneity between study results (P < 0.01; I 2 ¼ 59%). The random effects meta-analysis found no significant influence of physical activity on risk of lymphoma (pooled OR ¼ 0.90; 95% CI ¼ 0.79-1.02; P ¼ 0.10, Fig. 2 and Table 3 ). Table 3 and Supplementary Fig. S1 show the sensitivity analysis of study design (prospective cohort studies versus case-control studies). The summary risk estimate derived from the cohort studies showed no significant influence of physical activity on risk of lymphoma (OR ¼ 1.02; 95% CI: 0.88-1.19; P ¼ 0.76). In contrast, the results from the fixed effects meta-analysis in the case-control studies showed a significant protective influence of physical activity on risk of lymphoma (OR ¼ 0.81; 95% CI: 0.72-0.91; P ¼ 0.0006). Table 3 and Supplementary Fig. S2 show the sensitivity analysis of type of lymphoma (Hodgkin lymphoma vs. non-Hodgkin lymphoma). The random effects of metaanalysis showed no significant influence of physical activity on risk of Hodgkin lymphoma or on risk of nonHodgkin lymphoma (OR ¼ 0.82; 95% CI: 0.47-1.42; P ¼ 0.47 and OR ¼ 0.92; 95% CI: 0.81-1.04; P ¼ 0.19, respectively). Table 3 and Supplementary Fig. S3 show the sensitivity analysis of physical activity domain (recreational physical activity vs. occupational physical activity). The metaanalysis showed no significant influence of recreational (random effects model) nor of occupational physical activity (fixed effects model) on risk of lymphoma (OR ¼ 0.86; 95% CI: 0.73-1.02; P ¼ 0.08 and OR ¼ 0.98; 95% CI: 0.80-1.21; P ¼ 0.88, respectively).
Subgroup meta-analyses
Discussion
The aim of the present meta-analysis was to explore the literature on the relationship between physical activity and risk of lymphoma. Seven case-control studies and 5 cohort studies were included. The primary meta-analysis found no significant effect of physical activity on risk of lymphoma. Subgroup analysis for study design showed no significant influence of physical activity on risk of lymphoma in cohort studies and a significant risk reduction in case-control studies. However, the level of evidence generated by case-control studies is considerably less than that by prospective cohort studies, according to the Centre for Evidence-Based Medicine (40). Bias is less of concern in prospective cohort studies than in case-control studies, because classification of exposure is made independently of knowledge about the subject's disease status (41) . As a consequence, the outcomes of prospective cohort studies should take priority in determining the relevance of our study outcomes. studies confirm the results of the primary meta-analysis. Subgroup analysis for lymphoma type revealed no significant differences between results found in Hodgkin lymphoma and results found in non-Hodgkin lymphoma. Similarly, subgroup analysis for the physical activity domain also revealed no significant differences between recreational and occupational activity. This conclusion was also reached in meta-analyses examining the association between physical activity and risk of endometrial (42) , prostate (21) , and colorectal cancer risk (43, 44) . In general, reporting of observational biomedical research is often inadequate. Therefore, the Strengthening of Reporting of Observational Studies in Epidemiology (STROBE) statement has been established (45) . The quality score system used in this meta-analysis is consistent with these guidelines, although it does not cover all 22 items of the STROBE statement. The methodologic quality of the included studies varied. Inherent to the study design, the methodologic quality of the cohort studies was higher than that in the case-control studies. Some studies were of low quality, especially regarding the assessment of physical activity. Although a positive evolution could be expected as the establishment of the STROBE statement, no clear evolution in methodological cebp.aacrjournals.org Downloaded from quality was observed over time. Another limitation in this meta-analysis is the methodologic and statistical heterogeneity between studies. As a consequence, the conclusion of the present meta-analysis indicating that physical activity has no effect on the risk of lymphoma, should be interpreted with caution.
Assessment of physical activity
Several methods exist to assess physical activity, with remarkable differences in validity and reliability. The two most widely used methods are objective assessment by an accelerometer and subjective self-reported assessment by a self-reported questionnaire (46) . Accelerometers are more accurate than self-reported instruments, give information on the total amount, intensity, duration, and frequency of physical activity and are sufficiently sensitive to detect small movements. Disadvantages of accelerometers are the higher cost and need for additional hardware/software and technical expertise (46, 47) . All 12 studies included in this meta-analysis used a selfreported instrument. Advantages of this method are that questionnaires are inexpensive, relatively reliable, and applicable in large populations (47) . There are, however, also considerable limitations, including recall error, overreporting, lack of accuracy, specific focus on activities with moderate-to-vigorous intensity (46, 47) , and thus a wide range of reliability and validity (48) . Half of the included studies in this meta-analysis used global assessments of physical activity, without specifically considering the frequency, duration, and intensity of physical activity (28-30, 33, 34, 39) . Two studies administered an investigator-designed instrument (32, 39) , 2 studies used an existing classification scheme to categorize occupational activity (28, 30, (49) (50) (51) (52) , 1 study used an instrument used in a previous study (33, 53) , 1 study used 4 questions derived from development work undertaken in The Netherlands (36) , and in 6 studies the origin of the self-reported instrument was not reported (29, 31, 34, 35, 37, 38) . The "total physical activity" index used in the study of Van Veldhoven and colleagues (36) was shown to be sufficient for ranking or classifying subjects in terms of their physical activity in large-epidemiologic studies (54) but no information was reported on the validity of the assessment of recreational and occupational activity. The validity of the self-reported instruments in the other included studies was unknown.
Level of physical activity
Remarkable differences were found in the definitions of the "highest activity level." For example, in the study of Van Veldhoven and colleagues (36) , the highest activity level was defined as 45.74 MET-hours/week or more, whereas the highest activity level was defined as 17.5 MET-hours/week or more in other 2 studies (37, 38) . This discrepancy in definition hampered pooling of data and thus the interpretation of the results from different studies. Conversion of the reported physical activity levels in the different studies into 2 categories using a fixed cut-off value was aimed for. The most obvious cut-off value would correspond with the public health guidelines for physical activity defined by the American College of Sports Medicine as engaging in 30 or more minutes per day of at least moderate physical activity on 5 or more days of the week, or more than 150 minutes a week (55) . However, it was not possible to convert the results of each study into these dichotomous physical activity categories in an unambiguous way. Therefore, the influence of the level of physical activity on the risk of lymphoma could In the literature, convincing evidence was found for a significant dose-response effect of decreasing cancer risk with increasing activity levels for colon cancer and breast cancer (23, 56, 57) . In addition, Zahm and colleagues found no significant association between occupational sitting time (sedentary behavior) and non-Hodgkin lymphoma among men and women (30) . Teras and colleagues found no significant association between leisure-time sitting and non-Hodgkin lymphoma risk in men, whereas a significant positive association was found between leisure-time sitting and risk of non-Hodgkin lymphoma in women (38) . In the literature, sedentary behavior has been shown to be associated with a higher risk of ovarian, endometrial, and colorectal cancer (23, 42, 58) .
Timing of physical activity
Evidence for a timing effect of physical activity on risk of cancer was shown for breast cancer, indicating a larger protective effect for physical activity after the age of 50 years than physical activity earlier in life (23, 57, 59) . Inconsistent results were found in the 4 studies investigating the effect of physical activity at different age periods on the risk of lymphoma. Lu and colleagues and Lim and colleagues identified no association between physical activity at different life times and lymphoma risk (29, 39) . Kabat and colleagues identified a significant association between having engaged in intense physical activity at ages 35 and 50 and non-Hodgkin lymphoma risk, whereas no significant association was found between intense physical activity at age 18 and non-Hodgkin lymphoma risk (37) . Keegan and colleagues identified that strenuous physical activity in the year before diagnosis or interview, as well as sports team membership at ages 18 to 22 was significantly associated with Hodgkin lymphoma risk in young adult women, whereas no significant association was found between sports team membership in high school or strenuous physical activity throughout adult life and Hodgkin lymphoma risk (33) . Since it was impossible to define 2 different timing groups in an unambiguous way, no subgroup analysis was conducted to investigate the timing effect of physical activity on risk of lymphoma.
Confounding factors
All included studies adjusted the outcome for age. Furthermore, all included studies considered gender either by adjusting for it (29, 31, 35) or by reporting results for men and women separately (28, 30, (32) (33) (34) (36) (37) (38) (39) . Other confounders that were taken into account in some but not all studies include education (7), smoking (6), BMI or weight (5), ethnicity (4), alcohol intake (3), and family history of lymphoma or hematopoietic cancer (3). Further, there were 17 factors taken into account in only 1 study ( Table 1) . As most studies only reported a maximal adjusted risk estimate and no minimal adjusted risk estimate, it was difficult to investigate the importance of the difference in adjustment for confounding factors. Item 18 of the quality score system questions the possibility of residual confounding. However, to assign a score on this item, it is important to know the potential confounders, or, in other words, the risk factors for lymphoma. Two well-established risk factors for lymphoma are immunosuppression and autoimmune disorders (60, 61) . However, none of the included studies in this metaanalysis adjusted for these 2 confounders. Diet is also suggested to influence the risk of non-Hodgkin lymphoma. It has been shown that diary products, meat, and high fat intake are associated with an increased risk of non-Hodgkin lymphoma, whereas whole-grains and vegetables are inversely associated with risk of non-Hodgkin lymphoma (60, (62) (63) (64) . Although 5 of the included studies adjusted for BMI or weight, none of the included studies adjusted for diet. As no included study adjusted for immunosuppression, autoimmune disorders, or diet, all included studies were assigned a score of 4 on the quality item about possibility of residual confounding. Differences in adjustment for confounding factors between the included studies probably did not play an important role in this meta-analysis, since every study adjusted for age and gender and none of the studies adjusted for immunosuppression, autoimmune disorders, or diet.
Biologic mechanisms
Several biologic mechanisms on how physical activity might reduce the risk of lymphoma were hypothesized in the literature. A first potential mechanism is the exercise-induced enhancement of the immune function by increasing the number and activity of macrophages, natural killer cells, lymphokine-activated killer cells, and regulating cytokines (32, 65) . Indeed, there is evidence for elevated lymphoma incidence rates among subjects with immune dysregulation (30, 32, 33, 60, 65) . Another possible mechanism is an exercise-induced decrease in insulin, glucose, and insulin-like growth factors (32, 33, 65) , which is less favorable to the growth of tumor cells in general (17) . Physical activity also prevents obesity and reduces the percentage of body fat (32, 65, 66) , which serves as a storage depot for potential carcinogens. A positive association is observed between BMI and risk of lymphoma (60, 67) . Finally, physical activity could reduce the risk of lymphoma by improving the antioxidant defense system and antiinflammatory effects (32, 33, 65) .
Limitations
A potential limitation of this meta-analysis is the literature search. It is possible that not all published articles concerning this topic were selected. In an attempt to reduce this limitation, the reference lists of all selected articles were screened. A second possible limitation of this meta-analysis is a publication bias. However, most included studies reported no significant results, whereas in general significant findings are more likely to be published than nonsignificant findings. Therefore, publication bias does probably not play a major role in this metaanalysis. Third, a limitation of the literature is the use of self-reported instruments to assess physical activity, which have several disadvantages compared with objective assessments.
In conclusion, epidemiologic research indicates no significant influence of physical activity on risk of lymphoma. Interesting questions for future research include whether sedentary behavior is associated with the risk of lymphoma, whether there exists a dose-response effect of physical activity on risk of lymphoma, and whether the timing of physical activity (recent physical activity vs. lifetime physical activity) influences the association between physical activity and risk of lymphoma.
Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed. The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
Authors' Contributions
